Introduction {#sec1}
============

The structurally novel and medicinally important cytotoxic alkaloids subincanadines A--G were isolated in 2002 by Ohsaki and co-workers from the Brazilian medicinal plant *Aspidosperma subincanum* ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).^[@ref1],[@ref2]^ Zhai and co-workers reported the first protection-free synthesis of (±)-subincanadine C via novel Ni(COD)~2~-mediated intramolecular Michael addition pathway.^[@ref3]^ Elegant enantioselective/diastereoselective synthetic routes to other subincanadines A, B, E, and F have been reported in the contemporary literature.^[@ref4]−[@ref13]^ However, synthesis of subincanadines D and G is still awaited. We initially prepared a plan for the synthesis of (±)-*epi*-subincanadine C and (±)-subincanadine C, and their concise retrosynthetic analysis is depicted in [Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}. 1-\[2-(1*H*-Indol-3-yl)ethyl\]-1*H*-pyrrole-2,5-dione (**1**) contains well-positioned 14 carbons and requisite functional groups for the initial design of 14-carbon-containing tetracyclic indolizinoindolone framework and then its transformation into the bridged alkaloid (±)-subincanadine C. Therefore, we reasoned that the maleimide derivative **1** would be a potential precursor to synthesize both (±)-*epi*-subincanadine C and (±)-subincanadine C via diastereoselective Pictet--Spengler cyclization and diastereoselective cuprate addition or reduction of carbon--carbon double bond as the key reactions. In continuation of our studies on total synthesis of bioactive natural products from the cyclic anhydride and derivatives,^[@ref14]−[@ref18]^ we herein report the diastereoselective synthesis of (±)-*epi*-subincanadine C and an attempted synthesis of (±)-subincanadine C ([Schemes [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}--[4](#sch4){ref-type="scheme"}).

![Potent cytotoxic alkaloids subincanadines A--G.](ao-2018-005874_0001){#fig1}

![Concise Retrosynthetic Analysis of (±)-*epi*-Subincanadine C and (±)-Subincanadine C](ao-2018-005874_0002){#sch1}

Results and Discussion {#sec2}
======================

Initially, Wittig reaction of imide **1** with acetaldehyde was planned for the stereoselective generation of desired exocyclic carbon--carbon double bond, activation of methylene group in the formed imide moiety for base-induced alkylation/allylation, and differentiation of the reactivities of two imide carbonyls to impart complete regioselectivity. Indolylmaleimide **1** on triphenylphosphine-induced Wittig reaction with acetaldehyde exclusively delivered alkylidenesuccinimide **2** in 92% yield^[@ref19],[@ref20]^ ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). The *E*-geometry of carbon--carbon double bond in product **2** was established on the basis of deshielding of a vinylic proton (δ 6.88) due to its peri-interaction with an imide carbonyl group. As described in [Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}, all attempts on lithium di-isopropyl amide (LDA)/LiHMDS-induced alkylation of compound **3** using various alkylating agents to directly introduce the protected β-hydroxyethyl chain to obtain product **4** were unsuccessful, plausibly due to the lower reactivity of the corresponding alkyl halides/tosylate. Base-induced allylation of imide **3** using allyl bromide was feasible, but always resulted in the diallylated imide **5** as a major product in very good yields. The above specified difficulty of diallylation was circumvented by using bulky prenyl bromide to exclusively obtain the mono-prenylated product **6** in 83% yield ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). All attempts to directly transform the imide **6** into indolizinoindolone **9** in one pot via regioselective Grignard reaction, acid-induced Boc-deprotection, and diastereoselective Pictet--Spengler cyclization were inefficient, and the desired product was formed only in 10--15% yield. All of those one-pot transformations always resulted in excessive decomposition due to the acid-sensitive nature of the initially formed lactamol intermediate, and unfortunately, the prerequisite Boc-deprotection reaction was relatively slow. Imide **6** was also prone to hydrolytic cleavage under acidic conditions and therefore the Boc-deprotection was planned under neutral reaction conditions. Imide **6** in refluxing water^[@ref21]^ underwent smooth Boc-deprotection and provided the desired product **7** in 96% yield. Regioselective reaction of methylmagnesium iodide with the relatively more reactive unconjugated imide carbonyl moiety in succinimide **7**, followed by an immediate trifluoroacetic acid-induced diastereoselective Pictet--Spengler cyclization^[@ref22]^ of the formed lactamol **8** exclusively furnished the expected syn-product **9** in 72% yield, via the corresponding flat iminium-ion intermediate. The structure of formed *syn*-indolizinoindolone **9** was confirmed on the basis of X-ray crystallographic data. Osmium tetraoxide-induced dihydroxylation reaction of compound **9** was not selective, and two different types of carbon--carbon double bonds underwent smooth dihydroxylations to directly yield the corresponding tetrol product in high yield. The reaction of compound **9** under sharpless dihydroxylation conditions^[@ref23]^ was regioselective at 0 °C, and the more electron-rich carbon--carbon double bond selectively reacted to deliver the required diol **10**, which was used for the next step without any purification for polarity issues. The obtained diol **10** on sodium periodate-induced cleavage resulted in aldehyde **11** in 67% yield. One-pot alane reduction of aldehyde and lactam units in compound **11** delivered the desired product **12**. The formed amine **12** was very unstable plausibly due to the high air-oxidation propensity, and it was immediately used for the next step without any purification and characterization.^[@ref3]^ The obtained product **12** on treatment with mesyl chloride underwent clean mesylation and in situ intramolecular cyclization to provide the final product (±)-*epi*-subincanadine C (**13**) in 81% yield. The obtained analytical and spectral data for (±)-*epi*-subincanadine C (**13**) were in complete agreement with the assigned structure, and the final product was obtained in 10 steps with 28% overall yield.

![Synthesis of (±)-*epi*-Subincanadine C via Diastereoselective Intramolecular Pictet--Spengler Cyclization](ao-2018-005874_0003){#sch2}

![Attempted Base-Induced Mono-Alkylations](ao-2018-005874_0004){#sch3}

An anti-addition of cuprate to the α,β-unsaturated γ-methyllactam was essential to accomplish the synthesis of (±)-subincanadine C. However, the recent literature precedents, including one from our research group, state that exclusive syn-addition of cuprate takes place on such type of substrates and the scientific reason for such unusual stereoselections is still unknown.^[@ref13],[@ref24],[@ref25]^ As depicted in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}, we planned to study the feasibility of anti-addition of cuprate to indolizinoindolone **15** to accomplish the synthesis of (±)-subincanadine C. Imide **1** on selective 1,2-addition of methylmagnesium iodide followed by acid-induced Pictet--Spengler cyclization furnished the desired indolizinoindolone **15** in 85% yield over two steps. The planned 1,4-addition of allyl cuprate to compound **15** also exclusively yielded an unusual syn-addition product **16** in 83% yield. The syn-orientation of methyl and allyl groups in product **16** was initially established by two-dimensional NMR studies. Finally, we decided to study the stereoselectivity in reduction of carbon--carbon double bond of α,β-unsaturated γ-lactam with a hope to obtain anti-relationship between two substituents, which was essential to achieve the synthesis of (±)-subincanadine C. Therefore, product **16** was *N*-Boc-protected and treated with LDA/phenylselenyl chloride, which formed the relatively more stable isomer **18** in 96% yield over two steps. The compound **18** on oxidative elimination of phenylselenium resulted in the expected α,β-unsaturated γ-lactam **19** in 73% yield. Lactam **19** on reaction with Mg/MeOH underwent selective reduction of the α,β-unsaturated double bond and again exclusively formed the syn-product **17** in 67% yield. Compound **19** on OsO~4~-dihydroxylation, oxidative cleavage, and NaBH~4~ reduction yielded alcohol **20** in 89% yield, which on Boc-deprotection furnished the desired α,β-unsaturated lactam **21** in 94% yield. The catalytic hydrogenation of compound **21** with H~2~/Pd--C and also the reduction by radical pathway using Mg/MeOH took place in a usual fashion, and unfortunately, both provided only the syn-product **22** in very good yields. Compound **16** on dihydroxylation and oxidative cleavage followed by reduction also directly delivered the same product **22** in 92% yield. The syn-relation of methyl and β-hydroxyethyl groups in thus-formed product **22** was also confirmed by X-ray crystallographic analysis of its *O*-pivaloyl derivative (compound **23** from [Experimental Section](#sec4){ref-type="other"}). Product **22** can be transformed into (±)-*epi*-subincanadine C via double Boc-protection, dehydrative condensation with acetaldehyde, and reductive intramolecular cyclization pathway.^[@ref13]^ Thus, an attempt to synthesize (±)-subincanadine C has also resulted in yet another efficient approach to (±)-*epi*-subincanadine C.

![Opposite Stereoselections in Michael Addition and Reductions of α,β-Unsaturated γ-Lactams Leading to Exclusive syn-Products: An Attempted Synthesis of (±)-Subincanadine C](ao-2018-005874_0006){#sch4}

Conclusions {#sec3}
===========

In summary, an early-stage stereoselective introduction of the desired carbon--carbon double bond via Wittig reaction was useful to activate methylene protons for base-induced smooth prenylation and also to govern the regioselectivity in Grignard addition. Diastereoselective practical approaches to (±)-*epi*-subincanadine C have been developed via regioselective oxidative carbon--carbon double-bond cleavage and an exceptional syn-stereoselection in Michael addition of cuprate to the unsaturated γ-lactam. The proper scientific reasoning for such type of unusual stereoselectivities is essential and still remains as an unanswered challenging question. Our present approach is quite flexible and will provide efficient synthetic paths to subincanadines A--G and focused mini-library of their congeners and derivatives for structure--activity relationship studies.

Experimental Section {#sec4}
====================

General Description {#sec4.1}
-------------------

Melting points are uncorrected. The ^1^H NMR spectra were recorded on 400 and 500 MHz NMR spectrometers using solvent residue signal as an internal standard (^1^H NMR: CDCl~3~ (7.27), CD~3~OD (3.31); ^13^C NMR: CDCl~3~ (77.00), CD~3~OD (49.00)). The ^13^C NMR spectra were recorded on 400 NMR (100 MHz) and 500 NMR (125 MHz) spectrometers. High resolution electrospray ionization mass spectrometry (HRMS (ESI)) were taken on Orbitrap (quadrupole plus ion trap) and time-of-flight mass analyzer. The IR spectra were recorded on an Fourier transform infrared spectrometer. Column chromatographic separations were carried out on silica gel (60--120 mesh and 230--400 mesh). Commercially available starting materials and reagents were used.

(*E*)-1-\[2-(1*H*-Indol-3-yl)ethyl\]-3-ethylidenepyrrolidine-2,5-dione (**2**) {#sec4.2}
------------------------------------------------------------------------------

To a stirred solution of compound **1** (5.00 g, 20.83 mmol) in ethanol (80 mL) was added triphenylphosphine (6.54 g, 24.99 mmol) at 25 °C under argon atmosphere. The reaction mixture was stirred for 30 min at the same temperature and then acetaldehyde (1.76 mL, 31.24 mmol) was added at 0 °C. The reaction mixture was further stirred for 5.5 h and allowed to reach 25 °C. The resultant mass was filtered through Büchner funnel and washed with ethanol. The obtained solid product was dried using a vacuum pump to afford compound **2** as a white solid (5.06 g, 92%). Mp 163--165 °C; ^1^H NMR (CDCl~3~, 500 MHz) δ 1.86 (d, *J* = 7.4 Hz, 3H), 3.09 (t, *J* = 7.7 Hz, 2H), 3.16 (s, 2H), 3.91 (t, *J* = 7.7 Hz, 2H), 6.84--6.91 (m, 1H), 7.06 (s, 1H), 7.14 (t, *J* = 7.9 Hz, 1H), 7.20 (t, *J* = 7.7 Hz, 1H), 7.34 (d, *J* = 8.0 Hz, 1H), 7.71 (d, *J* = 8.0 Hz, 1H), 8.20 (br s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 15.3, 23.5, 31.7, 39.2, 111.1, 112.2, 118.7, 119.4, 122.0, 122.1, 126.7, 127.4, 133.5, 136.1, 169.8, 174.1; HRMS (ESI) (*m*/*z*) \[M + Na\]^+^ calcd for C~16~H~16~N~2~O~2~Na 291.1104, found 291.1105; IR (CHCl~3~) ν~max~ 3373, 1760, 1701 cm^--1^.

*tert*-Butyl (*E*)-3-\[2-(3-Ethylidene-2,5-dioxopyrrolidin-1-yl)ethyl\]-1*H*-indole-1-carboxylate (**3**) {#sec4.3}
---------------------------------------------------------------------------------------------------------

To a stirred solution of compound **2** (4.50 g, 16.79 mmol) in CH~2~Cl~2~ (60 mL) was added (Boc)~2~O (4.24 mL, 18.47 mmol) at 25 °C and catalytic amount of 4-(dimethylamino)pyridine (DMAP) (204 mg, 1.68 mmol) and the reaction mixture was stirred for 3 h. The reaction was quenched with water, and aqueous layer was extracted with CH~2~Cl~2~ (3 × 50 mL). The combined organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 30:70) afforded compound **3** as a white solid (5.90 g, 98%). Mp 137--139 °C; ^1^H NMR (CDCl~3~, 500 MHz) δ 1.68 (s, 9H), 1.89 (d, *J* = 7.3 Hz, 3H), 3.01 (t, *J* = 7.3 Hz, 2H), 3.21 (s, 2H), 3.89 (t, *J* = 7.6 Hz, 2H), 6.82--6.94 (m, 1H), 7.27 (t, *J* = 7.7 Hz, 1H), 7.33 (t, *J* = 8.0 Hz, 1H), 7.48 (br s, 1H), 7.67 (d, *J* = 7.3 Hz, 1H), 8.15 (br s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 15.4, 23.4, 28.2, 31.8, 38.3, 83.4, 115.2, 116.8, 118.9, 122.5, 123.3, 124.4, 126.6, 130.2, 133.8, 135.5, 149.6, 169.6, 173.9; ESI MS (*m*/*z*) 369 \[M + H\]^+^; HRMS (ESI) \[M + Na\]^+^ calcd for C~21~H~24~N~2~O~4~Na 391.1628, found 391.1629; IR (CHCl~3~) ν~max~ 1715, 1680, 1608 cm^--1^.

*tert*-Butyl (*E*)-3-\[2-(3,3-Diallyl-4-ethylidene-2,5-dioxopyrrolidin-1-yl)ethyl\]-1*H*-indole-1-carboxylate (**5**) {#sec4.4}
---------------------------------------------------------------------------------------------------------------------

To a stirred solution of compound **3** (500 mg, 1.35 mmol) in dry tetrahydrofuran (THF) (10 mL) was dropwise added a solution of LiHMDS in hexane (1 M, 1.35 mL, 1.35 mmol) at −78 °C under argon atmosphere. The reaction mixture was stirred for 30 min, and allyl bromide (116 μL, 1.35 mmol) was added dropwise. The reaction mixture was further stirred for 2 h at −78 °C, and the reaction was quenched with saturated aqueous NH~4~Cl. Solvent THF was removed in vacuo, and the reaction mixture was extracted with EtOAc (50 mL). The organic layer was washed with water and brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 20:80) afforded compound **5** as a white solid (225 mg, 37%; 71% brsm). Mp 144--146 °C; ^1^H NMR (CDCl~3~, 500 MHz) δ 1.67 (s, 9H), 2.00 (d, *J* = 7.6 Hz, 3H), 2.56 (dd, *J* = 13.6 and 7.4 Hz, 2H), 2.67 (dd, *J* = 13.6 and 7.9 Hz, 2H), 2.93 (t, *J* = 7.9 Hz, 2H), 3.85 (t, *J* = 8.0 Hz, 2H), 4.98 (d, *J* = 10.1 Hz, 2H), 5.06 (d, *J* = 17.1 Hz, 2H), 5.41--5.50 (m, 2H), 7.01 (q, *J* = 7.7 Hz, 1H), 7.27 (t, *J* = 8.2 Hz, 1H), 7.32 (t, *J* = 7.0 Hz, 1H), 7.45 (s, 1H), 7.68 (d, *J* = 7.6 Hz, 1H), 8.13 (br s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 14.4, 23.6, 28.2, 38.2, 40.0, 51.7, 83.4, 115.2, 116.8, 119.1, 119.3, 122.6, 123.4, 124.4, 130.2, 130.9, 131.6, 134.9, 169.6, 178.8, 135.5, 149.6; ESI MS (*m*/*z*) 449 \[M + H\]^+^; HRMS (ESI) \[M + Na\]^+^ calcd for C~27~H~32~N~2~O~4~Na 471.2254, found 471.2248; IR (CHCl~3~) ν~max~ 1726, 1704, 1670 cm^--1^.

*tert*-Butyl (*E*)-3-{2-\[3-Ethylidene-4-(3-methylbut-2-en-1-yl)-2,5-dioxopyrrolidin-1-yl\]ethyl}-1*H*-indole-1-carboxylate (**6**) {#sec4.5}
-----------------------------------------------------------------------------------------------------------------------------------

To a stirred solution of compound **3** (2.00 g, 5.43 mmol) in dry THF (30 mL) was dropwise added a solution of LiHMDS in hexane (1 M, 5.43 mL, 5.43 mmol) at −78 °C under argon atmosphere. The reaction mixture was stirred for 30 min, and prenyl bromide (627 μL, 5.43 mmol) was added dropwise. The reaction mixture was further stirred for 2 h at −78 °C, and the reaction was quenched with saturated aqueous NH~4~Cl. Solvent THF was removed in vacuo, and the obtained residue was dissolved in EtOAc (60 mL). The organic layer was washed with water and brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 25:75) afforded compound (±)-**6** as thick oil (1.90 g, 83%). ^1^H NMR (CDCl~3~, 500 MHz) δ 1.60 (d, *J* = 3.7 Hz, 6H), 1.67 (s, 9H), 1.94 (d, *J* = 7.4 Hz, 3H), 2.51--2.58 (m, 1H), 2.70--2.77 (m, 1H), 2.94 (t, *J* = 7.9 Hz, 2H), 3.40 (t, *J* = 5.2 Hz, 1H), 3.80--3.90 (m, 2H), 4.95 (t, *J* = 6.7 Hz, 1H), 6.92 (qd, *J* = 7.3 and 2.1 Hz, 1H), 7.27 (t, *J* = 7.7 Hz, 1H), 7.32 (t, *J* = 8.6 Hz, 1H), 7.47 (s, 1H), 7.68 (d, *J* = 7.4 Hz, 1H), 8.14 (br s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 14.9, 17.9, 23.5, 25.7, 28.2, 28.7, 38.1, 42.4, 83.4, 115.2, 116.8, 117.5, 119.0, 122.5, 123.2, 124.4, 130.2, 130.4, 134.0, 135.5, 136.1, 149.6, 169.7, 177.1; HRMS (ESI) \[M + Na\]^+^ calcd for C~26~H~32~N~2~O~4~Na 459.2254, found 459.2250; IR (CHCl~3~) ν~max~ 1705, 1675, 1608 cm^--1^.

(*E*)-1-\[2-(1*H*-Indol-3-yl)ethyl\]-3-ethylidene-4-(3-methylbut-2-en-1-yl)pyrrolidine-2,5-dione (**7**) {#sec4.6}
--------------------------------------------------------------------------------------------------------

Compound (±)-**6** (1.70 g, 3.89 mmol) and distilled water (60 mL) mixture was refluxed for 24 h. The reaction mixture was allowed to reach 25 °C and extracted with EtOAc (3 × 40 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 50:50) afforded (±)-**7** as a yellow solid (1.25 g, 96%). Mp 117--119 °C; ^1^H NMR (CDCl~3~, 400 MHz) δ 1.60 (s, 6H), 1.93 (d, *J* = 7.4 Hz, 3H), 2.48--2.58 (m, 1H), 2.65--2.76 (m, 1H), 2.98--3.06 (m, 2H), 3.35--3.40 (m, 1H), 3.80--3.92 (m, 2H), 4.94 (t, *J* = 8.2 Hz, 1H), 6.86--6.94 (m, 1H), 7.08 (br s, 1H), 7.11--7.23 (m, 2H), 7.35 (d, *J* = 7.8 Hz, 1H), 7.74 (d, *J* = 7.8 Hz, 1H), 8.11 (br s, 1H); ^13^C NMR (CDCl~3~, 100 MHz) δ 14.9, 17.9, 23.7, 25.7, 28.6, 38.9, 42.4, 111.0, 112.3, 117.6, 118.9, 119.4, 121.9, 122.1, 127.4, 130.5, 133.7, 136.1, 136.2, 169.9, 177.3; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~21~H~25~N~2~O~2~ 337.1911, found 337.1909; IR (CHCl~3~) ν~max~ 3479, 1703, 1674, 1603 cm^--1^.

(*E*)-2-Ethylidene-11*b*-methyl-1-(3-methylbut-2-en-1-yl)-1,2,5,6,11,11*b*-hexahydro-3*H*-indolizino(8,7-*b*)indol-3-one (**9**) {#sec4.7}
--------------------------------------------------------------------------------------------------------------------------------

To a stirred solution of compound (±)-**7** (1.00 g, 2.99 mmol) in dry THF (20 mL) was added a solution of methylmagnesium iodide in diethyl ether (3 M, 2.20 mL, 6.55 mmol) in a dropwise mode at −78 °C under argon atmosphere. The reaction mixture was allowed to reach 0 °C in the next 3 h and quenched with saturated aqueous NH~4~Cl solution. The reaction mixture was concentrated in vacuo, and the obtained residue was dissolved in EtOAc (30 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo afforded intermediate lactamol **8**, which was immediately used for the next step without any further purification. To a stirred solution of lactamol **8** in CH~2~Cl~2~ (20 mL) was added trifluoroacetic acid (TFA) (605 μL, 7.81 mmol) at 0 °C, and the reaction mixture was stirred for 3 h, allowing to reach 25 °C. The reaction was quenched with saturated aqueous NaHCO~3~ at 0 °C, and the reaction mixture was extracted with CH~2~Cl~2~ (2 × 20 mL). The combined organic layer was washed with NaHCO~3~ and brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 50:50) afforded compound (±)-**9** as a white solid (715 mg, 72%). Mp 236--238 °C; ^1^H NMR (CDCl~3~, 500 MHz) δ 1.60 (s, 3H), 1.75 (s, 3H), 1.84 (d, *J* = 7.4 Hz, 3H), 1.90 (s, 3H), 2.53--2.65 (m, 1H), 2.73 (dd, *J* = 15.1 and 4.9 Hz, 2H), 2.92--3.02 (m, 1H), 3.23--3.33 (m, 2H), 4.56 (dd, *J* = 13.3 and 6.1 Hz, 1H), 5.41 (t, *J* = 7.3 Hz, 1H), 6.68 (qd, *J* = 7.3 and 2.4 Hz, 1H), 7.11 (t, *J* = 7.6 Hz, 1H), 7.18 (t, *J* = 8.0 Hz, 1H), 7.30 (d, *J* = 8.3 Hz, 1H), 7.47 (d, *J* = 8.0 Hz, 1H), 8.49 (br s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 14.5, 18.2, 20.6, 22.9, 25.8, 28.2, 35.9, 45.7, 60.8, 107.4, 110.9, 118.4, 119.6, 122.0, 123.2, 126.7, 130.2, 134.3, 134.7, 135.7, 138.1, 168.7; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~22~H~27~N~2~O 335.2118, found 335.2109; IR (CHCl~3~) ν~max~ 3468, 1698, 1661 cm^--1^.

(*E*)-2-\[2-Ethylidene-11*b*-methyl-3-oxo-2,3,5,6,11,11*b*-hexahydro-1*H*-indolizino(8,7-*b*)indol-1-yl\]acetaldehyde (**11**) {#sec4.8}
------------------------------------------------------------------------------------------------------------------------------

To a stirred slurry of K~3~Fe(CN)~6~ (1.20 g, 3.59 mmol), K~2~CO~3~ (495 mg, 3.59 mmol), MeSO~2~NH~2~ (113 mg, 1.19 mmol), (DHQD)~2~-PHAL (1,4-bis-9-*o*-dihydroquinidinephthalazine) (46 mg, 5 mol %), and OsO~4~ in *tert*-butyl alcohol (0.50 M, 0.20 mL) in *tert*-butyl alcohol/water (1:1) mixture (50 mL) was added compound (±)-**9** (400 mg, 1.19 mmol) at 0 °C, and the heterogeneous reaction mixture was vigorously stirred at the same temperature for 24 h. The reaction was quenched by adding a saturated solution of Na~2~S~2~O~3~ and further stirred for 30 min. The reaction mixture was extracted with EtOAc (3 × 15 mL). The combined organic layer was washed with 2 N KOH (20 mL) and dried over Na~2~SO~4~. The organic layer was concentrated in vacuo, and the obtained vacuum-dried diol **10** was directly used for the next step. To a stirred solution of diol **10** in THF/H~2~O (1:1, 20 mL) was added NaIO~4~ (1.20 g, 5.82 mmol) in two equal lots at 25 °C, and the reaction was monitored by thin-layer chromatography (TLC). The reaction mixture was stirred for 1.5 h and diluted with EtOAc (25 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, PE--EtOAc, 40:60) afforded compound (±)-**11** as a solid (247 mg, 67%). Mp 97--99 °C; ^1^H NMR (CDCl~3~, 500 MHz) δ 1.49 (s, 3H), 1.77 (d, *J* = 7.4 Hz, 3H), 2.73 (dd, *J* = 15.7 and 4.6 Hz, 1H), 2.88--3.00 (m, 1H), 3.04--3.22 (m, 2H), 3.30 (td, *J* = 12.0 and 3.7 Hz, 1H), 3.87 (d, *J* = 11.3 Hz, 1H), 4.57 (dd, *J* = 13.3 and 6.8 Hz, 1H), 6.64 (q, *J* = 4.9 Hz, 1H), 7.11 (t, *J* = 7.6 Hz, 1H), 7.20 (t, *J* = 7.7 Hz, 1H), 7.45 (d, *J* = 7.0 Hz, 1H), 7.46 (d, *J* = 6.5 Hz, 1H), 9.37 (s, 1H), 10.1 (s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 14.4, 20.5, 23.3, 36.2, 37.3, 45.4, 59.5, 106.7, 111.3, 118.3, 119.5, 122.1, 126.5, 130.4, 134.1, 135.7, 138.3, 167.3, 203.2; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~19~H~21~N~2~O~2~ 309.1598, found 309.1594; IR (CHCl~3~) ν~max~ 3398, 1720, 1665 cm^--1^.

(*E*)-2-Ethylidene-11*b*-methyl-2,3,5,6,11,11*b*-hexahydro-1*H*-1,4-ethanoindolizino(8,7-*b*)indol-4-ium (*epi*-Subincanadine C, **13**) {#sec4.9}
----------------------------------------------------------------------------------------------------------------------------------------

The solution of AlCl~3~ (64 mg, 0.48 mmol) in THF (5 mL) was added dropwise to a stirred suspension of LAH (54 mg, 1.46 mmol) in THF (15 mL) at 0 °C under argon atmosphere. The reaction mixture was stirred for 30 min, and the solution of lactam-aldehyde (±)-**11** (75 mg, 0.24 mmol) in THF (5 mL) was added dropwise at 0 °C. The reaction mixture was stirred for 1 h at 0 °C, and the reaction was quenched with saturated aqueous Na~2~SO~4~. The reaction mixture was diluted with EtOAc (20 mL), filtered through Celite pad, and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo afforded amine alcohol **12**, which was directly used for the next step without any purification. To a stirred solution of amine alcohol **12** in CH~2~Cl~2~ (6 mL) were added saturated aqueous NaHCO~3~ solution (0.21 mL) and methanesulfonyl chloride (28 mg, 0.36 mmol) at 0 °C under argon atmosphere. The reaction mixture was allowed to reach 25 °C in 2.5 h and concentrated in vacuo. Purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, MeOH--CH~2~Cl~2~, 10:90) afforded compound (±)-**13** as a white amorphous solid (54 mg, 81%). ^1^H NMR (CD~3~OD, 400 MHz) δ 1.72 (d, *J* = 6.8 Hz, 3H), 1.79 (s, 3H), 2.00--2.22 (m, 1H), 2.69--2.79 (m, 1H), 3.26 (q, *J* = 6.4 Hz, 2H), 3.67--3.87 (m, 3H), 3.91--4.02 (m, 3H), 4.27 (d, *J* = 14.2 Hz, 1H), 5.18 (q, *J* = 6.8 Hz, 1H), 7.07 (t, *J* = 7.8 Hz, 1H), 7.17 (t, *J* = 7.8 Hz, 1H), 7.33 (d, *J* = 7.8 Hz, 1H), 7.47 (d, *J* = 7.8 Hz, 1H); ^13^C NMR (CD~3~OD, 100 MHz) δ 14.2, 19.0, 20.3, 28.1, 44.7, 47.8, 59.9, 64.3, 78.5, 105.0, 112.5, 118.4, 119.4, 120.8, 123.8, 127.2, 132.6, 133.2, 138.1; ESI MS (*m*/*z*) HRMS (ESI) \[M\]^+^; calcd for C~19~H~23~N~2~^+^ 279.1856, found 279.1858; IR (CHCl~3~) ν~max~ 3376, 1621 cm^--1^.

11*b*-Methyl-5,6,11,11*b*-tetrahydro-3*H*-indolizino(8,7-*b*)indol-3-one (**15**) {#sec4.10}
---------------------------------------------------------------------------------

To a stirred solution of compound **1** (4.00 g, 16.66 mmol) in dry THF (50 mL) was added a solution of methylmagnesium iodide in diethyl ether (3 M, 12.2 mL, 36.66 mmol) in a dropwise mode at −10 °C under argon atmosphere. The reaction mixture was allowed to reach 0 °C in the next 3 h and quenched with saturated aqueous NH~4~Cl solution. The reaction mixture was concentrated in vacuo, and the obtained residue was dissolved in EtOAc (100 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo afforded lactamol **14**, which was directly used for the next step. To a stirred solution of lactamol **14** in CH~2~Cl~2~ (30 mL) was added TFA (3.80 mL, 49.99 mmol) at 0 °C, and the reaction mixture was stirred for 2.5 h, allowing to reach 25 °C. The reaction was quenched with saturated aqueous NaHCO~3~ at 0 °C, and the reaction mixture was extracted with CH~2~Cl~2~ (2 × 20 mL). The combined organic layer was washed with NaHCO~3~ and brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, PE--EtOAc, 30:70) afforded compound (±)-**15** as a white solid (3.37 g, 85%). Mp 242--244 °C; ^1^H NMR (CDCl~3~, 400 MHz) δ 1.71 (s, 3H), 2.79--2.96 (m, 2H), 3.26--3.35 (m, 1H), 4.63 (dd, *J* = 13.3 and 6.0 Hz, 1H), 6.17 (d, *J* = 6.0 Hz, 1H), 7.12 (td, *J* = 7.3 and 0.9 Hz, 1H), 7.19 (td, *J* = 7.6 and 0.9 Hz, 1H), 7.35 (d, *J* = 7.8 Hz, 1H), 7.47 (d, *J* = 5.9 Hz, 1H), 7.49 (d, *J* = 7.8 Hz, 1H), 8.99 (br s, 1H); ^13^C NMR (CDCl~3~, 100 MHz) δ 21.9, 24.4, 35.6, 64.5, 107.4, 111.0, 118.8, 119.8, 122.4, 125.8, 126.6, 133.8, 136.2, 151.7, 171.2; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~15~H~15~N~2~O 239.1179, found 239.1177; IR (CHCl~3~) ν~max~ 3347, 1663 cm^--1^.

1-Allyl-11*b*-methyl-1,2,5,6,11,11*b*-hexahydro-3*H*-indolizino(8,7-*b*)indol-3-one (**16**) {#sec4.11}
--------------------------------------------------------------------------------------------

To a stirred solution of compound (±)-**15** (2.00 g, 8.40 mmol) and CuI (319 mg, 1.68 mmol) in dry THF (25 mL) was added a solution of allylmagnesium chloride in THF (2 M, 14.7 mL, 29.4 mmol) in a dropwise mode at −78 °C under argon atmosphere. The reaction mixture was allowed to reach 0 °C in 3.5 h, and the reaction was quenched with saturated aqueous NH~4~Cl solution. The reaction mixture was concentrated in vacuo, and the obtained residue was dissolved in EtOAc (50 mL). The organic layer was washed with water and brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, PE--EtOAc, 40:60) afforded compound (±)-**16** as a white solid (1.95 g, 83%). Mp 164--166 °C; ^1^H NMR (CDCl~3~, 400 MHz) δ 1.49 (s, 3H), 2.28--2.38 (m, 1H), 2.40--2.65 (m, 4H), 2.78--2.85 (m, 2H), 2.96--3.07 (m, 1H), 4.50 (dt, *J* = 12.8 and 3.7 Hz, 1H), 5.25--5.38 (m, 2H), 5.87--6.00 (m, 1H), 7.13 (t, *J* = 7.9 Hz, 1H), 7.20 (t, *J* = 7.3 Hz, 1H), 7.34 (d, *J* = 8.0 Hz, 1H), 7.50 (d, *J* = 8.0 Hz, 1H), 8.25 (br s, 1H); ^13^C NMR (CDCl~3~, 100 MHz) δ 20.0, 21.5, 34.9, 35.0, 37.3, 44.0, 61.7, 107.4, 111.0, 117.8, 118.5, 119.8, 122.2, 126.5, 135.8, 137.2, 137.4, 171.3; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~18~H~21~N~2~O 281.1648, found 281.1646; IR (CHCl~3~) ν~max~ 3424, 1671 cm^--1^.

*tert*-Butyl 1-Allyl-11*b*-methyl-3-oxo-1,2,3,5,6,11*b*-hexahydro-11*H*-indolizino(8,7-*b*)indole-11-carboxylate (**17**) {#sec4.12}
-------------------------------------------------------------------------------------------------------------------------

To a stirred solution of compound (±)-**16** (1.80 g, 6.42 mmol) in CH~2~Cl~2~ (25 mL) were added (Boc)~2~O (1.47 mL, 6.42 mmol) and catalytic amount of DMAP (78 mg, 0.642 mmol) at 25 °C, and the reaction mixture was refluxed for 4 h. The reaction was quenched with water at 25 °C, and the aqueous layer was extracted with CH~2~Cl~2~ (3 × 20 mL). The combined organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 40:60) afforded compound (±)-**17** as thick oil (2.40 g, ∼100%). ^1^H NMR (CDCl~3~, 500 MHz) δ 1.72 (s, 9H), 1.86 (s, 3H), 1.99--2.07 (m, 1H), 2.29 (dd, *J* = 17.9 and 2.7 Hz, 1H), 2.40 (dd, *J* = 17.9 and 9.9 Hz, 1H), 2.61 (dd, *J* = 16.2 and 5.0 Hz, 1H), 2.76--2.84 (m, 1H), 2.86--2.93 (m, 1H), 2.96--3.05 (m, 1H), 3.25 (td, *J* = 12.6 and 5.0 Hz, 1H), 4.41 (dd, *J* = 13.4 and 6.9 Hz, 1H), 5.10--5.30 (m, 2H), 5.70--5.79 (m, 1H), 7.24 (t, *J* = 7.3 Hz, 1H), 7.30 (t, *J* = 7.8 Hz, 1H), 7.40 (d, *J* = 7.3 Hz, 1H), 7.96 (d, *J* = 8.4 Hz, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 20.5, 22.4, 28.2, 34.7, 35.6, 36.4, 38.0, 65.1, 84.2, 115.5, 115.7, 116.8, 118.2, 122.8, 124.5, 128.7, 135.4, 136.7, 140.0, 150.1, 175.6; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~23~H~29~N~2~O~3~ 381.2173, found 381.2168; IR (CHCl~3~) ν~max~ 1735, 1674 cm^--1^.

*tert*-Butyl 1-Allyl-11*b*-methyl-3-oxo-2-(phenylselanyl)-1,2,3,5,6,11*b*-hexahydro-11*H*-indolizino(8,7-*b*)indole-11-carboxylate (**18**) {#sec4.13}
-------------------------------------------------------------------------------------------------------------------------------------------

Freshly prepared solution of LDA in THF (1 M, 6.63 mL, 6.63 mmol) was added to a stirred solution of compound (±)-**17** (2.10 g, 5.52 mmol) in THF (25 mL) in a dropwise mode at −78 °C under argon atmosphere. The reaction mixture was stirred at −78 °C for 1 h, and a solution of phenylselenyl chloride (1.05 g, 5.52 mmol) in THF (10 mL) was slowly added to the reaction mixture. The reaction was stirred for 2.5 h and quenched by aqueous NH~4~Cl at −78 °C. The reaction mixture was concentrated in vacuo, and the obtained residue was dissolved in EtOAc (50 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 40:60) afforded compound (±)-**18** as a yellow solid (2.80 g, 96%). Mp 137--139 °C; ^1^H NMR (CDCl~3~, 400 MHz) δ 1.72 (s, 9H), 1.77 (s, 3H), 2.03 (q, *J* = 8.5 Hz, 1H), 2.55 (dd, *J* = 16.5 and 5.5 Hz, 1H), 2.73--2.84 (m, 1H), 2.85--2.92 (m, 1H), 2.93--3.03 (m, 1H), 3.22 (td, *J* = 12.5 and 5.5 Hz, 1H), 3.80 (d, *J* = 1.8 Hz, 1H), 4.40 (dd, *J* = 13.4 and 6.7 Hz, 1H), 5.00--5.15 (m, 2H), 5.55--5.70 (m, 1H), 6.82--6.92 (m, 3H), 7.20--7.37 (m, 5H), 7.94 (d, *J* = 8.6 Hz, 1H); ^13^C NMR (CDCl~3~, 100 MHz) δ 20.5, 22.9, 28.2, 35.2, 36.9, 45.5, 46.2, 63.7, 84.1, 115.1, 115.8, 117.3, 118.3, 122.7, 124.4, 127.0, 128.2, 128.3, 129.0, 135.2, 136.2, 136.3, 139.3, 150.0, 173.3; HRMS (ESI) calcd for C~29~H~33~N~2~O~3~Se 537.1651, found 537.1650; IR (CHCl~3~) ν~max~ 1734, 1593 cm^--1^.

*tert*-Butyl 1-Allyl-11*b*-methyl-3-oxo-3,5,6,11*b*-tetrahydro-11*H*-indolizino(8,7-*b*)indole-11-carboxylate (**19**) {#sec4.14}
----------------------------------------------------------------------------------------------------------------------

To a solution of compound (±)-**18** (2.50 g, 4.67 mmol) in CH~2~Cl~2~ (25 mL) was added *m*-chloroperoxybenzoic acid (∼77%, 1.25 g, 5.60 mmol) at −78 °C under argon atmosphere, and the reaction mixture was stirred for 15 min. The reaction was quenched with Et~3~N (3.50 mL) at −78 °C. The reaction mixture extracted with CH~2~Cl~2~ (50 mL) and organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 50:50) afforded compound (±)-**19** as a white solid (1.29 g, 73%). Mp 158--160 °C; ^1^H NMR (CDCl~3~, 500 MHz) δ 1.74 (s, 9H), 2.11 (s, 3H), 2.76 (d, *J* = 16 Hz, 1H), 2.82--2.95 (m, 1H), 3.09 (dd, *J* = 18.9 and 8.0 Hz, 1H), 3.31 (t, *J* = 11.5 Hz, 1H), 3.44 (d, *J* = 18.3 Hz, 1H), 4.57 (dd, *J* = 14.1 and 5.7 Hz, 1H), 5.10--5.22 (m, 2H), 5.83 (s, 1H), 5.85--5.95 (m, 1H), 7.24 (t, *J* = 8.8 Hz, 1H), 7.32 (t, *J* = 8.4 Hz, 1H), 7.43 (d, *J* = 8.1 Hz, 1H), 7.88 (d, *J* = 9.2 Hz, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 22.9, 24.9, 28.3, 33.9, 34.0, 68.0, 84.6, 114.9, 118.1, 118.85, 118.91, 122.4, 122.8, 125.3, 128.2, 133.5, 135.1, 136.6, 151.0, 166.1, 169.1; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~23~H~27~N~2~O~3~ 379.2016, found 379.2018; IR (CHCl~3~) ν~max~ 1739, 1676 cm^--1^.

*tert*-Butyl 1-Allyl-11*b*-methyl-3-oxo-1,2,3,5,6,11*b*-hexahydro-11*H*-indolizino(8,7-*b*)indole-11-carboxylate (**17**) {#sec4.15}
-------------------------------------------------------------------------------------------------------------------------

To a solution of compound (±)-**19** (100 mg, 0.26 mmol) in MeOH (10 mL) was added activated Mg turnings (32 mg, 1.32 mmol) at 25 °C under argon atmosphere, and the reaction mixture was stirred for 12 h. The reaction was quenched with aqueous NH~4~Cl, and the reaction mixture was concentrated in vacuo. The obtained residue was dissolved in EtOAc (20 mL), and the organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 60--120 mesh, EtOAc--PE, 30:70) once again afforded compound (±)-**17** as a solid (67 mg, 67%).

*tert*-Butyl 1-(2-Hydroxyethyl)-11*b*-methyl-3-oxo-3,5,6,11*b*-tetrahydro-11*H*-indolizino(8,7-*b*)indole-11-carboxylate (**20**) {#sec4.16}
---------------------------------------------------------------------------------------------------------------------------------

To a stirred solution of compound (±)-**19** (950 mg, 2.51 mmol) in THF/H~2~O (3:1, 30 mL) were added NMO (50% in water, 1.80 mL, 7.53 mmol) and catalytic amount of OsO~4~ solution in *t*-BuOH (0.50 M, 0.20 mL) at 25 °C, and the reaction mixture was stirred for 12 h. The reaction was quenched with saturated solution of Na~2~S~2~O~3~ and further stirred for 30 min. The reaction mixture was extracted with EtOAc (3 × 20 mL), and the combined organic layer was washed with brine and dried over Na~2~SO~4~. The organic layer was concentrated in vacuo, and the obtained vacuum-dried diastereomeric mixture of diol was directly used for the next step. To a stirred solution of obtained diol in THF/H~2~O (1:1, 20 mL) was added NaIO~4~ (1.20 g, 5.76 mmol) at 25 °C in two equal lots. The reaction mixture was stirred for 1 h and diluted with EtOAc (30 mL). The organic layer was washed with brine, dried over Na~2~SO~4~, and concentrated in vacuo. The obtained aldehyde was immediately used for the next reaction without any purification. To a stirred solution of aldehyde in MeOH (10 mL) was added NaBH~4~ (184 mg, 4.97 mmol) at 0 °C. The reaction was stirred for 30 min and quenched with aqueous NH~4~Cl. The reaction mixture was concentrated in vacuo, and the obtained residue was dissolved in EtOAc (25 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, MeOH--CH~2~Cl~2~, 5:95) afforded compound (±)-**20** as a solid (854 mg, 89%). Mp 123--125 °C; ^1^H NMR (CDCl~3~, 400 MHz) δ 1.74 (s, 9+1H), 2.09 (s, 3H), 2.62--2.72 (m, 1H), 2.75 (dd, *J* = 16.1 and 4.9 Hz, 1H), 2.86--3.02 (m, 2H), 3.30 (td, *J* = 11.9 and 4.9 Hz, 1H), 3.92 (t, *J* = 6.7 Hz, 2H), 4.56 (dd, *J* = 13.4 and 6.1 Hz, 1H), 5.92 (s, 1H), 7.23 (t, *J* = 7.3 Hz, 1H), 7.31 (t, *J* = 7.3 Hz, 1H), 7.41 (d, *J* = 7.3 Hz, 1H), 7.86 (d, *J* = 8.6 Hz, 1H); ^13^C NMR (CDCl~3~, 100 MHz) δ 22.9, 24.8, 28.3, 32.1, 34.0, 60.3, 68.5, 84.7, 114.9, 118.9, 119.0, 121.9, 122.8, 125.2, 128.2, 135.0, 136.7, 151.1, 164.3, 169.2; ESI MS (*m*/*z*) HRMS (ESI) \[M + H\]^+^ calcd for C~22~H~27~N~2~O~4~ 383.1965, found 383.1963; IR (CHCl~3~) ν~max~ 3444, 1729, 1675 cm^--1^.

1-(2-Hydroxyethyl)-11*b*-methyl-5,6,11,11*b*-tetrahydro-3*H*-indolizino(8,7-*b*)indol-3-one (**21**) {#sec4.17}
----------------------------------------------------------------------------------------------------

The compound (±)-**20** (800 mg, 2.09 mmol) and distilled water (50 mL) mixture was refluxed for 18 h. The reaction mixture was allowed to reach 25 °C and extracted with EtOAc (3 × 15 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, MeOH--CH~2~Cl~2~, 5:95) afforded (±)-**21** as a solid (555 mg, 94%). Mp 137--139 °C; ^1^H NMR (CD~3~OD, 500 MHz) δ 1.69 (s, 3H), 2.69--2.82 (m, 2H), 2.84--2.98 (m, 2H), 3.20--3.28 (m, 1H), 3.89 (td, *J* = 4.9 and 2.3 Hz, 2H), 4.47 (dd, *J* = 13.4 and 4.6 Hz, 1H), 5.96 (s, 1H), 7.00 (t, *J* = 7.6 Hz, 1H), 7.11 (t, *J* = 7.3 Hz, 1H), 7.36 (d, *J* = 8.0 Hz, 1H), 7.41 (d, *J* = 7.6 Hz, 1H); ^13^C NMR (CD~3~OD, 125 MHz) δ 23.1, 24.4, 31.7, 37.5, 60.3, 68.2, 108.3, 112.2, 119.3, 120.3, 120.9, 123.0, 127.7, 134.5, 138.4, 168.1, 173.9; ESI MS (*m*/*z*) 283 \[M + H\]^+^; HRMS (ESI) \[M +Na\]^+^ calcd for C~17~H~18~N~2~O~2~Na 305.1260, found 305.1258; IR (CHCl~3~) ν~max~ 3348, 1669 cm^--1^.

1-(2-Hydroxyethyl)-11*b*-methyl-1,2,5,6,11,11*b*-hexahydro-3*H*-indolizino(8,7-*b*)indol-3-one (**22**) {#sec4.18}
-------------------------------------------------------------------------------------------------------

### Method A {#sec4.18.1}

To a stirred solution of compound (±)-**21** (100 mg, 0.35 mmol) in MeOH (7 mL) was added activated Pd/C (10 mg, 10 wt %) at 25 °C, and the reaction mixture was stirred under balloon pressure hydrogen atmosphere for 2 h. The reaction mixture was filtered to remove Pd/C, and the concentration of the filtrate in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, MeOH--CH~2~Cl~2~, 5:95) afforded compound (±)-**22** as a solid (88 mg, 88%).

### Method B {#sec4.18.2}

To a solution of compound (±)-**21** (100 mg, 0.35 mmol) in dry MeOH (10 mL) was added activated Mg turnings (59 mg, 2.48 mmol) at 25 °C under argon atmosphere, and the reaction mixture was stirred for 12 h. The reaction was quenched with aqueous NH~4~Cl, and the reaction mixture was concentrated in vacuo. The obtained residue was dissolved in EtOAc (10 mL), and the organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, MeOH--CH~2~Cl~2~, 5:95) yielded pure (±)-**22** as a solid (62 mg, 62%).

### Method C {#sec4.18.3}

To a stirred solution of compound (±)-**16** (100 mg, 0.35 mmol) in THF/H~2~O (3:1, 12 mL) was added NMO (50% in water, 417 μL, 1.78 mmol) and catalytic amount of OsO~4~ solution in *t*-BuOH (0.50 M, 0.05 mL) at 25 °C, and the reaction mixture was stirred for 12 h. The reaction was quenched with saturated solution of Na~2~S~2~O~3~ and further stirred for 30 min. The aqueous layer was extracted in EtOAc (2 × 20 mL), and the combined organic layer was washed with brine and dried over Na~2~SO~4~. The organic layer was concentrated in vacuo, and the obtained diol was directly used for the next step. To a stirred solution of obtained diol in THF/H~2~O (1:1, 10 mL) was added NaIO~4~ (169 mg, 0.79 mmol) at 25 °C in two lots, and the reaction was monitored by TLC. The reaction mixture was stirred for 1 h and diluted with EtOAc (40 mL). The organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo yielded aldehyde, which was immediately used for the next reaction for stability issue. To a stirred solution of the above-mentioned aldehyde in MeOH (8 mL) was added NaBH~4~ (26 mg, 0.70 mmol) at 0 °C, and the reaction mixture was stirred for 1 h. The reaction was quenched with aqueous NH~4~Cl, and the reaction mixture was concentrated in vacuo. The obtained residue was dissolved in EtOAc (15 mL), and the organic layer was washed with brine and dried over Na~2~SO~4~. The concentration of the organic layer in vacuo followed by purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, MeOH--CH~2~Cl~2~, 5:95) afforded compound (±)-**22** as a solid (93 mg, 92%). Mp 117--119 °C; ^1^H NMR (CD~3~OD, 400 MHz) δ 1.48 (s, 3H), 1.70--1.81 (m, 1H), 2.27--2.46 (m, 3H), 2.53--2.59 (m, 1H), 2.65--2.74 (m, 1H), 2.79 (dd, *J* = 15.6 and 4.8 Hz, 1H), 3.05 (td, *J* = 12.2 and 4.8 Hz, 1H), 3.55--3.63 (m, 1H), 3.68--3.75 (m, 1H), 4.36 (dd, *J* = 13.1 and 6.1 Hz, 1H), 6.99 (t, *J* = 7.3 Hz, 1H), 7.07 (t, *J* = 7.3 Hz, 1H), 7.32 (d, *J* = 7.9 Hz, 1H), 7.39 (d, *J* = 7.9 Hz, 1H); ^13^C NMR (CD~3~OD, 100 MHz) δ 19.7, 22.5, 33.5, 36.2, 37.7, 43.7, 61.5, 63.9, 107.0, 112.2, 119.0, 120.1, 122.6, 127.8, 138.1, 139.0, 174.3; ESI MS (*m*/*z*) HRMS (ESI) \[M + Na\]^+^ calcd for C~17~H~20~N~2~O~2~Na 307.1417, found 307.1413; IR (CHCl~3~) ν~max~ 3390, 1670 cm^--1^.

2-\[11*b*-Methyl-3-oxo-2,3,5,6,11,11*b*-hexahydro-1*H*-indolizino(8,7-*b*)indol-1-yl\]ethyl Pivalate (**23**) {#sec4.19}
-------------------------------------------------------------------------------------------------------------

To a stirred solution of compound (±)-**22** (100 mg, 0.35 mmol) in CH~2~Cl~2~ (5 mL) were slowly added Et~3~N (147 μL, 1.05 mmol) and pivCl (65 μL, 0.52 mmol) at 0 °C. The reaction mixture was stirred for 5 h, allowing to reach 25 °C, and the reaction was quenched with water. The separated aqueous layer was extracted with CH~2~Cl~2~ (2 × 10 mL), and the combined organic layer was washed with aqueous NaHCO~3~ and brine and dried over Na~2~SO~4~. The organic layer was concentrated in vacuo, and purification of the obtained residue by column chromatography (silica gel, 230--400 mesh, EtOAc--PE, 30:70) afforded compound (±)-**23** as a solid (111 mg, 86%). Mp 214--216 °C; ^1^H NMR (CDCl~3~, 400 MHz) δ 1.16 (s, 9H), 1.49 (s, 3H), 1.88--2.00 (m, 1H), 2.25--2.48 (m, 3H), 2.64 (dd, *J* = 14.6 and 6.0 Hz, 1H), 2.80--2.85 (m, 2H), 2.98--3.10 (m, 1H), 4.10--4.26 (m, 2H), 4.50 (d, *J* = 12.8 Hz, 1H), 7.13 (t, *J* = 7.3 Hz, 1H), 7.20 (t, *J* = 7.3 Hz, 1H), 7.35 (d, *J* = 7.9 Hz, 1H), 7.50 (d, *J* = 7.3 Hz, 1H), 8.32 (s, 1H); ^13^C NMR (CDCl~3~, 100 MHz) δ 19.8, 21.4, 27.1, 29.7, 34.9, 37.0, 38.7, 41.6, 61.5, 62.9, 107.4, 111.1, 118.5, 119.9, 122.3, 126.5, 136.1, 137.3, 171.2, 178.7; ESI MS (*m*/*z*) 369 \[M + H\]^+^; HRMS (ESI) \[M + Na\]^+^ calcd for C~22~H~28~N~2~O~3~Na 391.1992, found 391.1989; IR (CHCl~3~) ν~max~ 3469, 1719, 1676 cm^--1^.
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